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The growing interest in the viscoplastic aspect of fracture

behavior is reflected by the several recent studies in the literature

which emphasize the importance of including combined plastic and strain-

rate effects in constitutive relations. This paper documents important

analysis developments in crack-arrest studies underway in the Heavy-

Section Steel Technology (HSST) Program under sponsorship of the U. S.

Nuclear Regulatory Commission. The HSST program addresses light-water

reactor (LWR) pressure vessel integrity under accident scenarios, in-

cluding pressurized-thermal-shock events. Central to these studies is

understanding vessel conditions that would initiate growth of an exist-

ing flaw and conditions that would lead to arrest of a moving crack.

Propagation events are inherently dynamic, so that analysis methods

should consider inertial and strain-rate effects that are known to be

present. The paper describes viscoplastic-dynamic fracture analysis

procedures that are being developed and applied by the HSST program to
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the analysis of large-scale crack-arrest experiments. In particular,

these analysis capabilities give an improved basis for assessing the

behavior of large (1 x 1 x 0.1 m) plate .crack-arrest specimens being

tested by the National Bureau of Standards as part of the HSST program.

Unified constitutive theories attempt to treat different manifesta-

tions of time-dependent inelastic behavior, such as creep, stress re-

laxation, and plastic flow, by a single kinematic equation and a

discrete set of state variables. The motivation for developing such

theories has, over the last fifteen years, come mostly from interest in

high-temperature applications. There high temperature is taken to be in

the range where observable creep deformations occur over long periods of

time when the stress levels are near the engineering yield stress. How-

ever, rate effects can become equally important In rapid loading situa-

tions at lower temperatures. One such situation is the representation

of rapid crack propagation events In ductile structural alloys. Ductile

here means that the material is at a temperature above the range within

which cleavage (brittle) fracture is possible. The temperature for

transition from brittle to ductile fracture may be well below the clas-

sical creep regime, for example, about 50 to 100°C for some nuclear

grade structural steels. This paper examines the role that visco-

plasticity may play in che prediction of crack run/arrest behavior in

such ductile steels.

In the studies being conducted at Oak Ridge National Laboratory

(ORNL), the predictive capabilities of various viscoplastic constitutive

models and several nonlinear fracture criteria are being evaluated

through applications to the HSST wide-plate experiments. The first con-



stitutive model selected by ORNL for study was a variation of the

Perzyna elasto-viscoplastic model with linear strain hardening and is

similar to that employed in the dynamic fracture studies of Brickstad.

Other models being examined by ORNL and subcontractors include those due

to Bodner and Partom, Robinson, and Hart. The fracture criteria being

examined for use with nonlinear analyses include several path-

independent integrals that were formulated by different researchers

(e.g., Atluri, Blackburn, Kishimoto) to remove limitations on the

original J-integral of Rice. Some of these integrals represent slight

modifications of the J-integral, while others have a different

theoretical basis.

This paper describes applications of these nonlinear techniques to

actual tests from the first series of six wide-plate tests that have

been performed. These experiments include relatively long (20 cm)

cleavage propagation phases which are terminated by arrest in high-

temperature regions and which are followed by ductile tearing events.

Consequently, the crack-front regions in these tests are exposed to wide

ranges of strain rates and temperatures. Computed results are compared

with measured data for crack-line strain-time response. The extent of

plastic zone development is described and the results are compared with

elastodynamic analyses of the same crack run-arrest events. In addi-

tion, the paper includes a comparative summary of the fracture criteria

on the basis of the calculations performed thus far for the wide-plate

tests.
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